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ireactti<o^]iii (FCE> suncfii ttfaat specfific BNA 

(EaBr) to a FC^ Sines filwresccMce' 

s<lyainid<edi (d^) DNA m marease am ffltaos^cs- 
cejttce 5x31 md^ a POR iodicates a positive 
_ jtipSiificattaoiiitsi wlhiidln casa 'hz e&jsily inii<cwffl£^ 

be coHidxitaomisly miiiBdttoimdl in ©irdlCT to 
follow its pragir>ess, .Tine abality to sipjmatto" 
BWDBsIy -aMplMy sjp<ec5fic BNA S(wp<moas 
and detect ttSae pnfdwic^ of Ulhe ffimplifflcMoia 
Ibo^ simplifiies s^md improves JPCR aimd 
fltiay (fecilitaite. its atmtomattiw smjid ura^^e 

sfttwj^i^m jequkfelig sample ifcoiagla- 

Although the potential bjcincfi.w of PGR' to cBu- 
<togno4t5cs arc wctl kti6wi>*'^, it is siiH not 
widely used this setting, cv^eri tliough ii is 
four >*earft etnco thcrrooi^Abte DNA polymer* 
ase^* ipadc PGR practicaL Soin* of the Treasons for its slow 
RocepL&tu^ are 5ugh oo3t, Jadt of autoxnatkm of p^e-^ and 
post"PCR processing ateps, and false positive results, from 
carryavCT<Ontamination, The fLrsi mo points arc rdated 
in that labor i» the largest contributor to cost ait the present 
stage of PGR dcvelopmeoL Most Current assays requite 
forra of "downstream" processing once diermocyw 
ding k done in order lo detemune whether the target 
I>NA sequence was* present and has amplfficd, The*e 
include DN A hybridization^, gel ekctropboreftU or 
without use of TxstriaioA digestSon^rr HFLCr, or capfliaxy 
cketrophoroi?'®. These methods 9ire labor-intense, have, 
tow ihtnughput, and arc difiScuk to aotomate. The third 
point is abo ckjisdy related to doy£nstffx:atn processing. 
The handling of the PGR produa in these downstream 
processes increases the chafkces thai amplified DNAVmft . 
cpread through the typing bb, jresuldiig in a xhk of 



"caTtyover'* fjhise positives in subsequent testing , 

These down3trca*n prooessitig steps would be tUxxu- 
nated if specific amplification and detection of amplified 
DNA took place 3unuItancox>*ly within an unopened se- 
action vessel Assays m whkh sud^ dilFerent processes take 
place without. the need <o separate reaction components 
have been termed ■liioinogeneous''. Ko tndy hbmogc-. 
neous PGR assay has been demonstrated to date, sdtho>igh 
progress towards this end has been reported. ChcMb, et 
3l« developed a FCSt product detection schenic usinj^ 
fluorescent primezs that resulted in a fluorescent PGR 
product Allefic-specific primers, cads with difiercm fluo- 
rescent tags, were used to indicate the genotype of tne 
DNA. However, the uninoorporaied primers must still be 
removed in a downstream process in order to vSsuaJizc tthe 
ix?sult Recently, Holland, ct a^^^ developed an ^^J^ 
whkh the endo^nous 5' cxOnudease assay of 7«f DNA 
potymerafic was exploited to cleave a labeled oJigonudeo- 
lide probe. The probe would only de»ve if PGR axnpJin- 
cation had produced its ooroj^tnentary sequence. In 
order to detect the dcavage pWKlucts, however, a subse- 
quent procesjs w again needed. ^^^^ 
We have developed a truly hotnogeneous assay for PGR 
and PGR prodiici detecdon based upon the gready in- 
creased fluorescence that ethidfura broinSde and other 
J>NA binding dyes exhibit when they are bound tcvds- 
DNA^'*^*^, As outlined in Figure 1; a prototypic PGR 
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? MncLjplc of simultaQCOua axnpGficztion and deteaiOA of 

POT produce The compoaent^ of a PGR conmrim^ EiBr that are 
Ouorescjemarefisied-itBrttself, EtBr bound to other ssDWAot 
dsDN A- There h a large {luorcsoenoc enhancement when £tBr is 
bound to T>NA and hmdmcr w greatly enhanced when DN A .is 
doubfc-strandcd, AiEter sufficient <n)..CTdcs of PGR, the net 
iacsvaite in dspNA restdts in additioiKai Et&r binding, and a f^cx 
incrcstse in totaJ fluaarcsccDce: 
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2 Gd dcctrophore^ of PClt oim plificatBon prodv^cts of (he 
huBoan, mtdcar gene, HLA DQti, tSMidt in tbc presence of 
incrcstskig amounts of EtBr (up lo 6 M-g/tdl). The presence of 
Et3r to tio obviom effect on mc ykid or spcdfidty of dm(>UB- 
oidon. 





I?3@^ 9 (A) J^ttotcscence mcBsurcmenta Irom FCRs that contain 
0.5 tiff^m! £iBr and ih&i sttt: ^pcdfit for y<3)totm>$OjEjTC rcjpcat 
$eq(uenoc«. Five irj^caie TGi^, ^vere begun contamin^ each ci the 
DNA» specified. At pact mdicttcd cyd«, <hh: <rf the five irepBtcaic 
PC8t5 for cadh DNA -V7ds rcnro^ from thcrmotyding and its 
fluoxcsGcncc unca3ured. Units of fluorcRCcnoe ^re sirtjhraiy. (K) 
UV pbotografriiy of PCRtute (0.5 nd Eppcndoif^tyle, pofyfwo* 
pykne mto>xcntri£ugc:tubc8) cont^nung^ r^acuoBs^ those i^ti^ 
ong Crcmi t mate DNA SOid control rcBctiona vnthout Any DHA^ 
from (A). 



begins with primess that are sitigle-scrandcd ©NA (ss- 
DNA)» dNTPs, and D-NA polymerase; An amount of 
<L<;DNA contaitting^ the larga sequence (target BHA) u 
also typically presenL This aitiouat can vary, dcp™^'"'- 



on the applkatioo, from siiigrle-ceU amoiints of D»NA*^ to 
micrograms per PCR^^ If ElBr b present, the reagents 
that \m fluoresce, in order of increasing fluorescence, are 
free £(Br itsdft and EtBr bound to the sin^-strartdcd 
DNA ptiniett and to the double-stranded target DNA (bf 
its mtercaktion between the ^tacDccd bases of the DNA 
doobk>hdiR)» After the first densturation eyde, target 
DNA Willi be Hargely $ingl€-stranded. After a fCR k 
oompletcd. the most stgnm^nt change is the increase in 
tbc Atnount of dsDNA (the PGR produa itseBf) of up to 
several tnierctgT^iRS. Formerly free EtBr « bound to the 
additional d2DNA4 rcsuiting in an increase in Auorcs- 
ccnop. There is also some decrease in the amount of 
ssDNA primer, but becau^ the bindmg of EtBr to s^DNA 
is much less than to dsDNA, che effect of ibh change on 
the total fluorescence of the saixtiple is i^nalU T^c j)iiorc3- 
cenc.e incrca$c can be measured by dit^ecting cxcitadon 
iltumination thn^gh the wkUs of the ampli^tbin vessel 
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before aiKl after, or even amiinitously durin)^, thennocy- 
ding. 

RESULTS 

PCR im presence of EtSr- lo order to assei^s tht 
aEcct of EtBr POR, amplifications of the huowi Hi j\ 
DQa g45ne*** were performed with the dye prcsettt at 
concentrations from 0,06 to 8.0 ftg^ml (a iy]f>»caj concen- 
tration of EtBr u.<}ed tn staining of nucMc aods follo^ving 
gel cJcctrophoresis h 0J$ ^^mf}, M shown in ^gure 2^ 
eleeaxipHoTcsis revealed little or no dj^Serencc in the yieW 
or quaJuy of tbc amplification product whether £tBr was 
absent or present at any of these concentrations, jndicsu. 
ing that EtBr does not inhibit fCR. 

qoes&ces- Sequence^perific, fSuorcsccnoe enhancement of 
EiBr a.^ a tq^vIx of PCR was demomcrat^ in a series of 
amplifications containitig: 0,5 jtg/ml EtBr and pHmers 
specific to repeat DNA sequetKcs fonod on the humaa 
Y-chromo«omc*^. These PCRs initially contained either 
60 ng maie« 60 ng fetnalc, 2 ng Toaflc huntan or no DNA. 
Pive replicate PCRs were begun for each DNA* After 0» 
17, 21 , 24t and 29 cycles of thenuocyding* a FCR fe>r cadi 
DNA was iremovcd from the thermocyder, and its. fluo- 
rescence measured iin a spcctroSnorome^ and plotted 
V5* amplification cyde number (Fis, 3A), llie shape of this 
oirve TcSccts the fact that by me dtne an increase in 
fluorescence can be detected, ^ increase in DNA 19 
becoming linear and not exponential with cyde number; 
As shown, the fluoresocnoc increased aboujt three-fold 
over the l^ckground fiuotescetsce for the PCRs tsontain* 
ing human male DNA, hat did not significantly increase 
for XMjgative control PCRs, whkb cont2aned either no 
DNA or hutnan female DNA. The more mafe DNA 
present to ht^n with— 60 ng versos 2 ng— d» fewer 
eydej; wer>e sx^ed tto give a dctectaWe increase in fluo- 
rescence. Gd dectrophoresis 00 the products of these 
amplifications showcol that DNA fragments of the ex- 
pected siic were made in the male DNA containing 
reactkxis and that Me DN A spyistfeesis took place in the 
control samples. 

In stddition, the increase in ftuoifwnjncc ^"^s visualized 
by 5nn^y Saying the awnpleted* tmopened PCRs on a UV 
trandUuminator and photogniphing them through a red 
filter. This is shown in figure SB ibr the reactions that 
with 2 ng male DNA and those with no DNA* 

E!^e2i^«^ m sp&d&c $i!lkEed of ^ It&tsmatn ^-globui 
geE}©. in order to demomteate that this approadi has 
adequate spedfidty to allow genetic screenings a dtteoion 
of the ^iddc-ocdl snonta mutatson was pciforrncd Retire 
4 shows the ftworescenoc from Gomptetcd amj^i^'o^i^ 

corit2dxliog tLtBr (0.5 i^Qfunl) siS <4e4-ea»*^ by photography 
of the reaction cubes on a UV trapsilluminator. Hiese 
reactions were performed u£ng^ pnxtieni spedlftc for ci- 
ther the. wild-m>e or sickle-osil mutatooo of the hwman 
P^lobin getie* \ The ^pccifkity for each allele is imparted 
by placing the sidde-mut&don sii% at the tcrmiiatal 3' 
nuoeoddc of one pttmcr. By usii^ an approptiaie primer 
annealing temperature^ primer <3tteiMtj*^n— astd thus am- 
pliBcsition^-can take place only if the S' nucleotide of t^ 
primer 15 coTdplemcptaTy to the p^gtojirin aDdc pT^ciicyit^^. 

Eiach pair Of ompSfioitions shown in Figure 4 consists of 
a reaction with etcher ibc wIdHype alldt spedfic flcft 
tube) or skMc-alldc spedfic (right tube) primers. Three 
di£Eerenl DNAs were m>cd: DNA fnotn a homozjfgous, 
wild-type p-globin individual (AA); from a heterozygous 
sidde ^-gIobin individual (AS); and from a homozygous 
sickle p-gi*?tiin indrrtdual (SS). Each DNA (50 ng gct^orok: 
DNA to start c^ PGR) was amaly*cd in tenpJicaijc (3 pain 
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rtf rtsactions €ach). The DNA .type vas reflected m the 
Illative fluorescence mtcnsiue* in eaiA pair of comfrieted 
(j,p]ificatio4ifi. There was a significant increase in fluores- 
IpOT only where a p-globin aDcle DNA matched the 
priiBcr set. WhcD mcasRrcd ou a spcctroflnoromctcr 
Matfi not shown}* this ftuorcsccncc was about three dmcs 
J)^t present in a PGR where both p-globm alleles were 
rfibitiatcbcd t;> iche pnmer set* Gel efcctrophoxepifi Oaoi 
pltowii) established that thifi increase in fluorescence vas 
<jue w the $ynthe«as of nearly a microgratn of a DNA 
ff^cnt of the expected size for ^rgiobin. There was 
litdc syntHcstt of dsDNA b reactions in . which the aHele- 
«podfic primer was mismatched to both aileks^ 

0(xnitt4miops wiMiscitojrTOg off a IPGS^ 'Using a fiber optk 
d^wkerH i* possible to dh^ exdtaiion illuminatton from 
P Sjpectrofluorometer to a PCR undci^goirtg thcrmocyding 
and to retiirn its fluorescence to the *pectrofluio«>metcr» 
IJic fltiorc$ocn«:c readout of such an arrangement, di- 
f^cd Ri an EtBr-containmg ampiificatioa of Y-diroroo- 
some specific sequences from 25 of human mate DNA, 
\n shown in Figure S. The readout from a controll PCR 
tsWi no target DNA is also shown. Thirty cydtes of PCR 
vverc cnonitorcdi for each- 

The fluorescence trace a.t a function of time dearly 
shows the eitFect of the thermocyding. Fluorescence inten- 
jdiy naes and .&dls inversely wit^!^ temperature* The flltio- 
tcu:cncc intensiiy is minimum at tbe denaturalion tem^ 
peraturc (d4**C) and maaamunn at the anncalin^exten&ion 
tcmperatwic (SOX). I» the negalive-control PGR, these 
fluorescence maxima and oiinima do not change sigai8- 
cmtly over the thirty tbcrraocycks, indicatiiig that there is 
little dsDNA 9ynri>e$3s without the appropriate taxyct 
DNA, and there is litde if wy Weachijk of EaBr dutmg 
the continuous illuniinadon Of the sam}^. 

in the PCR cotitaSntng male DNA, the fluorescence 
maxima at the annealing/esccension temperature begin to 
tncTcafle at about 4000 seconds of thcrroocydingi and 
continue to increase with rime, indicating that dsDNA is 
being produced at a detectable levcL NoCe that die fluo- 
rcsfxncc minitna at the denatvTatbu temperaEure do not 
aignificandv increase pre^OJaWy because at this temper- 
ature tberc is no d&DNA for EtJBr to bind. Thus the course 
of the amplificatSon is followed by tntddng the fluorcs-. 
cenoe increase at the annealing temperature* Analysis of 
ihc products of theae two amphficadons by gel eBccaaropho- 
rcpis showed it 0NA fragment of the cicpectcd saze for the 
male DNA containing sample and no detect^e DNA 
synthejuj^ for the control sample* 

DowB5treswa processes sudi as hybtidiixatjQn no a se- 
quence-Apedfic piobc can enhance tlie spedfidty of DNA 
dctciiiivKi bv FCR* The cHiniofttipn of ihow: procc39ca- 
means that' the specificity of this homogeneous assay 
depends solely on that of F&L In the case of ekkle-cdi 
diitaac, we have shown that PCR alooc has sufi&dent DNA 
sequence apedficky to permit gencdc screening. Using 
appropriate amplification conditions, there is little non* 
9pcdRc production of dsDNA in the absC^ of the 
appropriate target ailde. 

The spedfidiy required to detect pathogens can be 
more oar less than that jrctjuired' to do genetic screening, 
depciKJing on the number of pathogens in the samijle and 
the amount of other DNA chat miast be taken with the 
sample. A diflicult target is HIV, which rcquircB detection 
of a vfn4 genome that can be at the level of n few copies 
per thotL«ands of host ceils*. CompaTed wkh genetic 
screening, which is performed on cdls jcontainmg at JeaH 
one copy of tlie target soquettce^ HIV detection requires 
both more spedfidty at>d the input of more total 
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t?C^^<l UVphotogrApb? of FCR tubes Gcnztazxning ainpfi(0c«tK>ns 
«siog EtBr mat a»« »peafifcc to viWUtvpc (A) or s>c&< CS> addes of 
the mrawn ^-gloi^ gcTC. The tea AT «ih 
dDde-spedfit p^imer^ to th^ witd-type alldes, the right tube 
priiatrs to the skWe siJOsk- The phoK^ph tatra after 30 
cydcs of PCR. add the input DNAs and the aileles^^ oomatd 
ure miSkmA. &g of DMA ^ used to bCdn Fdt Typtng 
WHS iSohc sn trip^tc (S patrt of FC^l?) for each inpui B>NA 
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Omttttuous, realtime monitor mg of a IPCR, Afibcr optk 
was TOcd to can? eadtation lipti ta z iPtiR ioprograsand ate> 
emitted light haaa to a JSooromctcr (see E»^nnicntal l^oo(»). 
AmpUficaQoa using "buojan malo'DNA specific primers m a PCR 
st^^}^x\g with to tis^cf horoan xnalc DwA <*r * coutrol 
PCR^^thout DNA (bottom), were nxmiunrd. Thmy wdw of 
!PCR were followed for each. The tempcmure cycled between 
94*^; {demituraticm) And 50*C (anTwaliog and cxtcnwtm). Note in 
the male DNA POR^.the cydc (dmc) dcpin«Jc«)t teoeaa: m 
ffiuorcsccRce at titu; amte^ng/estenam icmpetature. 



BOIEOMX-OGY -va^ API?! 1992 mw^". 



PAOi4IS'RCVDAT7/19/2004 3:10:()3Fllipaci!icDay0gMTi!ne]*Sl:SVCS0110'DraS:^^^^ <DUnN([nMS):m§ 



\ JUL-19-2004 13:^ FROM:GENENTI 




E«aflL 650 95S 9881 



; 246638 



P:5''6 



j. 



DM A— up to niicrograoa amoun&"^a <»d€r to have suf- 
ficient nvunbcT« of tai^gct sequences. This large amount of 
starting ONA hi 2n iampU^catkm si&it^TtxXy increases 
the l»cK^urt<i ftuomcettce ov^r vSucb amy additional 
fluorescence ptt>duced by ?CR mtast be detected. An 
additional compHcatioa that occurs whh targets m low 
copy-number is tbe fonzsation of the **prinicr-<limer" 
artifact This is the rcsidt of the extension of one primer 
using the other primer ^ a tctaplate. Although this occurs 
infrequently, once it occur* the ostenaion product ss a 
substrate for PGR ampJiftcdtion^ and cam cuMnpeie whh 
true IPCR targets if those targets are rare, fhe primer- 
dimcr pTOdua i* of course dsDNA and thus is a potcnda'i 
soun^e of false sign^iS in this homogeneous a^y. 

To bcrease PGR spedfidcy and reduce the eSca of 
primer-dimcr an^Ufi^iiKHi, ^ are invesdgatixig a num- 
fcr of approaches, including the use of ncstcdrprEmer 
ampUftcanons that taite place in a i:ubc*, and the 
*1iot.9tart**, in which nonspecific ampliation is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins*^. Prdiminary resuhs usang these ap- 
pTTiachcs suggest thac-nnxncr-dirner is effectively reduced 
and it is posSbte to delect the incniase in Etfir Huore9- 
cencc in a PGR instigated by a single HIY genome in a 
backgrWftd of 10* cclEs. With larger numbeiu of cells, the 
background (Ruorcsccncc contributed by genomic DN A 
becomes problematic- To. reduce this background , it m^y 
be (possible to u»e sequence-^pedfic DNA'binding dy^ 
that can be made to preferentially bind PGR product over 
genomic DNA by mcoriJOTaiing the dyc-binding DNA 
sequence into the PClt product through a S' *add-on" to 
the oligonvdeotidc primer*''. 

We nave shovrn that the detection of BuorescetKe 
generated by an EtBr-contaJning PGR is straightforward, 
both once TOR is completed and continuousBy during 
ihcrrtiocycKng. The ease with which automatioQ of spe- 
cific DNA detection can be accomplished is the most 
pn>mi$ing aaped of this assay. The ttuorescence analysis 
of completed FCRs is alreadypossiWc with exwtirig instru- 
mentation in 9G-well format?^. In tlus format, the Buores- 
ccnce in each PGR can be guantitated befpre* after» and 
even at selected points durmg thersnocyciii^g by moving 
die rack of PCRs to a 96-microvrclll plate fluorescence 

rcadcT**, . - . 

Tlic instrumentation necessary to continuously monitor 
multiple PCRs Mmultaneoualy is also simple in prindpte, 
A direct extension of the apparatus used here is to have 
multij^ fiberopdcs transmit the citation light and flu- 
orescent emissioa? to and from muUiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
uution of target DKA copy numbor. figure S shows diat 
the larger the amount of starting target BNA. the sooner 
AxiMQ PCM a fluonsfiCfincc increase is detected. Prdinii- 
nary cxpcrimcncs <Higuchi and Dollinger, manuscrip« in 
preparation) with continuous momtonng have shown a 
sensitivity to two-fold differences in inhiaJ target DNA 
concentradon. 

ConvenelVf if the number of target molecules is 
l^nown— it can be in genetic scrccning-TContinuoiis 
monitoring may provide a means of detecting faflsc posi- 
tive and false negative result*. Wth a known number of 
target moJectites, a true poddve would exh&it detectable 
fluorescence by a predictable number of cydcs of PGR. 
Jncreases in fluorescence detected before or sifter that 
cycle would indicate potential artifacts* False nc^tivc 
resuhs due to, for example,, inhibidon of ONA po^cr- 
ase, may be detected by including within each PGR an 
inefficiently ampHfying marto. This marker results in a 
fiuoreftcence increase only after a large number of cy- 
c]e£— many more than are necessary w> detea a true 
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positive. If a samplk: fails to have a fluorescence increase 
after this many cycles, iohajition may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or abseocc of fluoreAcenoc si^al alone, sudi controls n^ay 
be important. lt% any event* before any test based on this 
principle is ready for the dinic^ an asscsHDcnt of it* false 
positive/false negadve rates vriOl need to be obtained using 
a lairgc number of known samf^cs- 

In summary , thie indusioti in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makca it 
possible to detca spoci&c DNA ampliBcarion from outsidt 
the PGR tnbe. In the ftxture, instruments based upon this 
principle may fadHtate the more widcsfw-cad use of PGR 
in apjrficalions that demand the h^h throughput of 
sampScS' 

EXPISRMSOTAL P®.OTOCO]L. 

KoiiiKm lHLA-SJaB gcae 6iii4>li5aitioaba ciwatamsng^ ISitar, 
PCRs were set «p iiilOO )ftl v<rftimw owwainmg 10 mM Tris^HCI, 
pH 8.3; 50 mM RCI; 4 mftf MgO^: w\t*o( Taa DNA 
polymer ase (Perki(k*jElmcr Ocnu. Nooralk* CTT); 20 mriolc each 
of humzn HlA-DQcfc gene spcdfic olkonudcoooe primers 
CpHib and CHS?"* and appiOTinateJy JO* copies of TiQci 
ptoduct diluted frtm a previous feoction. Ethtdium bromide 
(Ei&n SiettuO «^a3 wed At tbe conccauations uidtcated in Hgorc 
L Thcraicyding proceeded for 20 cvdes tft a modd 4SiO 
Ihcrnwcydtar (?erWt>-aPfltr Cctua, Norwklk, CT) 
cydc" program of for 2 msiL.dciiatumion ana 6(rG rojc w 
sec antK^mg and Tt^C for 30 sec eKteasio». 

Y-«hicoiES»5»mc DTCcSfic I?CEL PCRs (100 (d total reaction 
vxdunve) combing Oi» jifi/ml JEtRr vrcrc prepared as described 
for HLA»I>C1», estcqrt wsdi different priincn and (araei DNAs. 
These PCRs cojitdincd 1 3 pmolc cadi male DN A-Apccifjc primet^ 
YI.l and and chhcr 60 ng niiilc, 00 OfifenMe, 5! ng roajc. 

or iM> human UNA. Thcrroocyding S4*CTor 1 uiin. and 60^ 
for J min using a "rtcp^yde'' ptOi^ram. The number of cycle* f«r 
a samjAe vere as indicated in P5gi«^ 3. Ruorcsccncc measuro 
unenfis described bdow. . . ^ 

Allcfc-apccKlHcp hrnasta gwwft j?C^ AropUficauons of 

100 fJ vt^wme* usmg 05 }i%/m\ of ZtBr were pte|Mixicd a; 
de$cril>ed for HLA<£>Qai above except wth diffcrcAipflmcrs 2nd 
target DNAfi. These PCRs coauined ^^-Ppj^P;^^^^}^]^^ 
H&XiA <wiW-*ype t<^n ^peciac primers) or HOmi?l4S <9k^- 
Ic-riobin spcoBc primcnf) at BO pmolc «iw;h pnrocr per FCR, 
T&6e jMimOT w5c developed by Wu ct aL", Three diflfcreij 
Ucgei DNAa <vett tiflcd in separate amplificatk>na-^0 ng eacb of 
human DNA that was homozygous for the sfeUc trait <SS), DMA 
that was heterozygous for the stcWe trak <A$>, or DNA that 
homcttygOteS for the V.t. globSn (AA). Thcrmocyc&ng WW for 30 
cycles at 94^ ftir 1 nun, and SSH^ for 1 min. it6m|(i "ateiMTi:^ 
program. An annealtM; temperature of 66"C bod hceo shown tnj 
Wo ci al.*' to provide dldMpodfic at)rtlMiI«a!Uon. Voniplcied 
PtRs w^ phcLgra^hcd thn^ a ^^^i^^''^^^^) 
after pladiag' thcrLc&m teto awP a model TM*»6 transffluflfti- 
nator (U V-prOductS San:Gabriel, CA.}. 

Ifh(i«rte»e<»teeiriS)eaamei^^ roeasurcmenw wcr* 

iruid^ Oh PCRs containing EtBf in a rtiiorrfM-2 OUoromCtcr 
(SPEX, Edison. NJ). l&cdtartion was at the 500 ^n.band wm* 
about 2 nm bandwiddi with aTO 435 nm ^^J^tSiT^m^S 
Grist. JbCm Irrine. CA) to csdudc eccond^j^dcr hgfat. Ewrtwa 
yghi was deteaed at 570 om vndi a batfedwidih of about 7 nm. An 
Cfe 530 »m cut-cf5"^ltcr was used U> remove the ocamtfion hpiU 

OroatiltKCCUfl Stoofl^aRcesM« nwraa^oiing of- IFCJt ConttnuW 
monitoring of a PCR in progress y*a» asxompJubed '"^^^J 
BDCctrofluortHneier and sctdnga described above as wsif asa 
^beioptic accessory (SPJEX eat no. 1950) to both send «w:tf^ 
foht tS, and recci^ emitted Ughf fnjm. a TCRj^ m a wcB <tf 
a model -fcOO diermocydcr (Ptrkin-Elmer Osiys). The P«*c ej^ 
of the Rbcroptb cable vtfas attached v(ih'*5nm».trt«pox^^ lotjte 
open top of a PCSt tube (a 0^ ml poi(T>«>pytoe centnfogc nibe 
^ hs «p rrmoved) feffeciTvely rt- Tire c^posetTtoP 

ihe POt tube and dui end of the fibcropuc ciiWc were 5l^>cW«° 
from room Ught and the room light* *^crc kept dmimed dutmg 
each run.. TlS n>onau>red PCft was an ampWtcau<m of 
roosdmi«pcdfic repeat ses«>enee» «3 dcscnbod ab|jve, except 
uwDff an anncaKngfettension temperauirc of SOx:. T?ie reacnw* 
was Ibveted ^%ii>crtd oil (2 drope) to prc^citt €vap6r»don. 
Themocyding and fluorcsocncc rocasuccmcnt vere ^^JfJ" 
multancously . A lunc-basc ttCftn with a 10 second mtegratiOii taoc 



PAGi5l6'8CVDAT7/18l20ll43:10:03PM[PacificDayliglitTimerSVR:SVC801/0*^ «DUm([niihSS):0446 



JUL-19-2004 13:53 FROMiGI 



EGflL 650 95a 9881 



E46638 




i^-rts uRid and ihc ^mUswod signal was ladocd to' thr. pccicaticxD 
f^vcp^ to oqmitrol for ch!»t)|5t> ift Jl^ht-jourcc intcmrity. OjitJi.wcre 
^Icct^d using the dmSOOOf, version i.5 (SPEX) data system. 
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The CO-14 moiecule is* expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD -14 is a receptor for lipopotysaccharide 
(LPS) complexed to LPS-Binding-Protein (LBP). TTie 
concenirailon of te soluble fom is aftered under 
certain pathological conditions. There is evidence for 
an important rote of $00-14. with pofytrauma. sepsis, 
burnings and inflammations, 
During septlo oaidifions and acute infections it seenr^ 
to l3e a prognostic fnarKer and is therefore of valite In 
monftortng these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human senim, -plasma, ceii-culture 

sup^r^ants ard o&ier biological fluids. 

Assay features: 12x8 determlnatJons 
(microliter strips), 
precoaied with a specific 
monoctonal antibody. 
2x1 hour incut>atiofx 
standard range: 3-96 ng/ml 
detection limit 1 ng/ml 
CV: intra- and interassay < 8% 



for more informsidon eaH ©rfax 



QESELLSCHAFT FUR UVlMUNCHEMIE UND -BIOLOGIE MBH 

OSTERSTRASSE 86 • D- 2000 HAMBURG 20 ■ GER.MAWY- TEL. +40/491 00 61-64 ■ FAX + 40 /40 11 98 
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R^hc Molccuk^Systems. Ifti. 1400 53hl St.. Emeryvflle, CA 94008. »C2»ron Corporation. 1400 S5rd St. EmaTviHc, CA 
i^OB. ^torrcsponding ^mhof . • 

W<s Jn^w ejdhainiccdl tike p©lym(Ba:;a5<E ch^n | 
ircacdoiH (FCE> mdk tdhiat spedific ©NA 

(EaBir) to a FCR- SixJice SlBwesGeMce' «>ff 
B(dBir asjCFBases' Sitii ^Ssie pirescKnoe of <dl43rtfflbl©« 
sHyamdedl (ds) BNA sum m^CJXase m ffltaont^s- 
ceiotce m stach a PGR mdicsites a posMve 
ampBificailaoiiiis; wlbidh cam 'h<s e&Sily snsmd- 
tomS escttemaHy. 5m Ifeicit, ampMEcatioK^ cam 
be comi&iWTmslly jE^iniittoiriadl -Sim ©rder to 
Mow §t§ pMjginess, Tine ailbality to sipmaSttaL-. 
BWBJisIy .aumpMy sjxecifflc BNA sc^^aacmoes 

b^tfo simpBifites md nmjpmves PGR ©md 
fiaay ffsidlli4aite its atiEtom®itaai>ira ms^ mme 

sato^imm zeqxaSrMg sample 1 
pimt 



canyover" folse positives in subseqiient testing , ^ 
Thwc <Jowu9trcam pirooessiftg steps would be ctoti- 
nated if ftpectfic amplification and detection of ampbficd 
DN A took place simuhancotwly wthm an unopcaed ire- 
action vessel Asf^iys m t^bkh dilTcrem processes ta^e 
place witboui t^c need «o separate rcactico components 
aavc bocn temed ^:bomoigeneous"- No ttidy homogc-. j 
tieoufl PGR assay has been d^momtrated to date, ^hou^*^ 
progTtts ttw«rd$ Oua etkd has been tcpoTtcd. Ch^b, et 
developed a PCR product detection scheme uMg 
fluorescent primeis that resulted in a fiuon^ent PGR 
product A«cBc-«pecific primers, C3dh vrifh different Buo- 
ie«sent tags, wrc used to indiirate the gejiotyi^ of the 
DNA. However, the unincorporaied pnmcn ^nust stiil ^ 
removed in a downwream ptwjew in order to vssu^zc tthe 
i^ult KcccnUy, Holland, ct develoj^rd asw^ in 
m\wii the endogenous 5' <;3Gdfludea»e assay of Taq DNA 
pdtytnertfic was eaplohcd to deave a iabelcd^goaucko- 
lide prob€^. The probe would only dcave )f PCR axnpfifi- 
cation had produced its corojJfitneataiy sequence, to 
order to detect the cJcav?ige pwjdwcts, however, a subset 
qjuent proccsjs m again needed. , 

We W <aeveloBcd 3i tttOy homogeneoufl atssay for PGR 
and PGR product detecdon based upon the greaUy in- 
creased fluorcsocsncc that etWdiuni btoimde and oti^ 
l>NA biitding dyes ejchibU virhcu diey are bound to^s- 
DNA^^*«. & outlined in Figure I. a proiotypic PCR 



A lihough the potential l^iicfiu o\ 
AX kal <^gno4dc5 arc wett-kttowni' 



of TCR* to clio- 

/A\ widely used in this setting, even tliough tt w 
^ iA- four >'earft eiaoo thcrn>QiJ»ble DNA poiy«1e^- 
ase^* tnfldc PCR practioL Some of the t^ons fot its slow 
aocepiAUce are hagh cost, lacit of automatkm of pre. and 
post-PCR prwwing steps, and f aJsc posibve i^"'^*^^^^ 
carryovCT-contamination, The fir^ two points arc reiated 
in tlwt Ubor is the largest contributor to cost isit the present 
stage of PCR dcvclopmenL Most Current assays require 
eoiSc form of "downstream" processing once thermocy^ 
ding is done in order io detenmne whether (the mgct 
DNA sequence waa present and has amplmcd. 
include DNA hybridation^* ge» ekctropbo^resis with or 
without use of restriction diges^n^;*/ HFSX?, or capdiary 
elearophoTOls>«^. These mediod* ?irc labornnteiwc. have, 
low ih^>ughput, and sue difficult toautcanatc. The third 
point is afeo dosdy related to dovcnstrcatn processing. 
The handling of the PCR product in «l>ese dowistrpim 
processes increases the chances that araplffied DNA vfift 
spread through tlic typing lab, ffesulung in a risk of 



{op ID p; fSWVQV) 




dftQNAfCRpiodtM 

U Piiodplc of siimiltancmiia ampOficzdon and dctedtOitt of .] 

PCR product: feccxwnpbaenttofaPfjRcocittrtnix^ E^^ 
eiK>rwwitareli3ted-EtBr itself, EtBr twund toadHj-fisDNAor 
daDN A. Tbcr« is a hree fiuorcsoenoc cnhancancnt when ©£r Is 
bojond to PNA and twndnig u greatly enhanced v*cn DNA .iS 
double^T^ai* After su&dcnt <n)..cwlcs of PGR* the .net 
iRCTCsae m d<^NA reAidts in additiooai EtBr buMfing. and net 
iacrcftse in total ^uarcsccnce: 
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product 
' dimer 



S Gel electrophoresis of PC8. atmpUficatKiD prodiscts of the 
humaOf tiudcar gene, HLA DQci> n»d< in the pre$enae of 
incrc^tsfjig anKwintB of EtBr (up to 5 Wg/tnl)* *n>e presence of 
Et3r IMS 00 obviom eSea on utc or spcdfldty of dm(»li6- 



A. 





^^oM ^ (A) MlK>mce&ce measurcnaent^ from FCRs that cootain 
0.5 (&g^in! £lBr and that' 9te vpcd&c for V*ditt>ttto$0]TO repeat 
jte<metioc». Five xrpUcace F€Rs. "tvere begun Gontainine cstch d the 
DNA» specified. As eaeh mdidacd cyde, one of the five ii>ep!icate 
Mills for cajch DNA -was rcroo^ from thermotydmg and H» 
fluorescence nneasured. Units of fluorcACcnca &Tt ^-tbinisiy, (&J 
UV photography of PGR tul«« (0,5 nd EppcndOTf-arylc, pofy^io- 
pylcrve m»ao<entrifugc :tube8> contatmng reactxons, those starts 
mg from 2 ng male DNA auzd control rcactiona without any fDKA, 
from (A). 



begins vitb primers that are single-straiKScd DNA (ss- 
DNA), dNTP*» 9Dd DNA polymerase; An amount of 
dsDNA containing the target sequence (target DWA) i£ 
also typically present. Thi$ sunovat can vary, depending 
on the apphcadon, from Bingrlc-ceU auumnts of BNA^^ to 
micrograms per PCR^*, If EtBr is present, the reagents 
that will ftuoresce, in order of incrcakt^ fiuorcsccnoe* are 
fw ElBr xtKlf, and EtBr bound to the singk-suraKdcd 
DNA primen and to the doublc^tranded target DNA (bf 
its mtercaktton between the stadccd b9$c$ of the DNA 
doubk-hduO* After the first denatutation cyde, target 
DNA will be largely $ingl«-9tranded. After a S*CS is 
completed, the most signiS^t diangc is the increase in 
the ;smciunt of dsDNA (the PGR prcwdua icseKf) of up to 
several micrograms. Formerly free EtBr is bound to the 
additional dsDNA^ resiiiltuig in an increase in fluores- 
cence ThcFC is also sonae decrease in the amount of 
ssDNA prij[ner« but becau.<c the bindkig of EtBr to ssDKA 
is tnuch Se$$ than to dsDNA, the effect of tb» chsmge on 
the tot^ Ruore^cciicc of the sample is smalL The fluorcs- 
cencie increase can be measured by dk^ecting ctcckatibn 
iltuminaiion (hrcnigh the wails of the amplificatSoA vessel 
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before and after« or even a)niini(ously durtn)^, thermocy- 
ding. 

RESULTS 

KIR hn &<& grresesce of EsSir. order to stssei^s the 
affect of EtBr In PGR, 2niplificationfi of the human Hl^ 
DQa g^ne*' were performed with the dye pment at 
concentrations from 0,06 to 8.0 ftg^ml (a tyj^k^ concen- 
tration of StBr u.<ied tn staming of nuc^ek aads foHoivixig 
gel ekctrophoresis is 0*5 p-g/m^ As shown in figure 2/ge3 
eliecsronhoTcsts rcveaSed liule or no diiSercncc in theyiekt 
or quality of date amplification product wheth^ EtBr was 
ai»ent or pte^cnt at any of these concentrations, indicat- 
ing that EtBr does not mhibit PC^. 

DeH ig elij uum of bt^ssi^ ^•cUsroaEbCsGnmcD sjpedjie 
^oGODees.. Sequence^pecific. fik«>Fcsccnceenhanoement of 
EtBr ait a resuh of VCR was deBXKmstr^t!^d in a scries of 
ampli§catk>tis containing 0,5 ^g/ml EtBr and ptimers 
fipedfvc to repeat DNA sequetKcs fbnnd on the human 
Y-chromosomc*^. These PCRs initially' conf&mcd either 
60 Dg male« 60 ng ^^iqIc, 2 ng jnaSc human or no DHA. 
Plve repSicate PCRs were begun for fiach DNA* After ^» 
IV, 21, 24 3nd 29 cydes of thenuocyding, a PGR for each 
DNA removed Irom the thermocyder, and tt9 fiuo- 
rescence measumi iin a spcctrofiaorome^ and plotted 
V9. amjdificatlon cyde number (Fog. 3 A). The shape of this 
curve rcSccts the &ct that by me time an increase in 
fluorescence cm be dctect^^ the izicreasc in DNA is 
becoming linear and not exponeniiai mth cyde number; 
As shown, the fliH>rc$cencc increased ^bowjc three-fold 
orer the l«ickground fluorescence for the PCRs tx>ntain- 
xng human male DNA, but did not significantly increase 
for ncgadve control PCRs, whkh contaiaed either no 
DNA or human female DNA. The moste mafe DNA 
present to begirt with— 60 ng versus t ng— iJw fewer 
cydes were ffHjeded tso give a dctectaWe increase in fluo- 
rescence. Od electronhorests oo the products of these 
amplifications showed that DNA fragptnenta of the ex- 
pcocd swe were made in the raak DNA coritaming 
reactkms and that lauie DNA ^tibesis took |rface Sn die 
concroS sampSes. 

Jn atddition^ the increase in fluolrtwccnce vf^ visualized 
by ^piy laying the a»npfeted« unopened PCRs on a UV 
tramiUuminator and photogmphing them tht^ough a r^ 
filter. This is shown in figure SB for the reactions thai 
began with 2 xig male DNA and diose with no DNA. 

H^eSieedo^ speeS^ &l!)eto of ^ htsman $-gloHn 
In order to demonstrate that this approach has 
adequate spedQdty to allow genedc screening* a dfbscoion 
of t}i<f iizctae-cxdl sunonkt mutadon was perfbmied' Figure 
4 shows the ftworescencc from completed ainp^56ca«ion> 

oontsuniBg l£tBp (0.5 BAg^ml) a« deUicx^ by photography 
of the reaction cubes on a UV orapsiiluminator. These 
reactions were performed u^ng pnmerK spedfic for ei* 
ther 1^. w^-t^ or sk:Ide-<oeIl mutatson of the hvmsD 
p^obin g^ie* . The spccifkity for each allele is impartcti 
by lacing the sldi^mutation site at the terminal 3' 
nudeoddc of one primer. By using an appropi^aie primer 
axmealing temperatiiret pfftmcr extemio^i— and thus am* 
plifkatipn^-can take place only If the 5' nuckodde 
prinKzr is coiaplcmcntaTy to the ^<^k}bm aDde prcficni" « 
£:ach pair <»f ampKifications shown in Figure 4 consists of 
a reactS>n with either the wIdHypp allcfc spedfic QxA 
tube) or 5kIde-aUele spedHc (fflght tube) primers. Three 
difiEcrenl DNAs were typed: DNA from a homoz^irgous, 
Wtk3-typc p^obin individual (AA); from a heterozygous 
ssdtle pMgiobin individual (AS); and from a homozygous 
sickle ^^M;t9n andhidual (SS). Eacii DNA (50 ng gCJ>on?fc 
DNA to start «Ach PGR) was analyzed in triplicate (3 pain 
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reactions each). The DSA type vas rcflccicd in the 
^jji0v<: fluorescence intcnsaiie* in eadi pair of completed 
There was a significant increase in fluorea- 
only where a ^-globin aOck DNA matched the 
!^mcr itct. WhcD measured oa a spcctroapcrometcr 
tota not shown), this fluorcsccace was about three times 
Lt present in a PGR where both p-gl6bin alleics were 
inbinatchcd to Khe pnmer set* Cel cfcctrophoorcpj* (not 
j^vsti) established that this increase in fluorescence was 
<5«e to the synthesis of nearly a microgram of a DNA 
fluent of the expected size for p^lobtn. There was 
litdc synthesis of d«DNA b reactions im . which the ^ek- 
^pcdfic ptimer was mismatched to both alileks* 

Conit4mio«u? sPMisowtorog of a FGS^'Usinig a fiber optic 
dcvkcrii possible to direct excitation illutnination from 
sipectrofluorometer to a PGR undergoing thcrmocyding 
Lj3 to retiwn its fluorescence w the spcctroflyiororocter. 
Iftc flxBorcsc^ciwc readout of such an arrangement, di- 
Tcacd Rt an EiBr<antaining amplification of Y^diroroO' 
fprac sp€ci6c scqweoccs frojn ?5 jig of bum^p male DNA> 
h shown in Figure 5. The readout from a controU l*CR 
no urget DNA b also shown. Thirty cyctes of PCR 
^erc monitorcdi for each. 

The fluorescence trace as a function of time dearly 
shows the eSfect of the thermocydieg, Fliaorescenoc inten- 
jaiy rises and . feib inversdy with temperature The flluo- 
rciccnce inKsn<dty is minimtsm at t&c denaturation tern- 
penture (^*C) and maxzinum at Ac anneaUn^exten^on 
tcmpcratwie {50X>. In the negative-control PGR, these 
fluorescence maxima and minima do aaot change ^gatfl- 
(»ni\y <yver the thirty tbcRroocydcfi, indicatiiig that there is 
littk dsDNA syntbe«as without the appropriate target 
DNA, and there is littk if any Weachwig of E«Br durmg 
the continuous illuniinacion Of the sam|»e. 

Jn the PCR containing male DNA, the flaoresccnoc 
maxima at the annealing/extiension tcmpcr^twrc begin to 
inorcane at about 4000 secondS^ of theranocyding, and 
contiotJM! to increase wHh rime, mdkating that dsDNA is 
being produced at a dctccjabk IcveL Note that the fiuo- 
i^sccnce minima at the denaturation tetttpttastare do not 
fli^Bcantiy increase* presumably because ai tlus temper- 
ature then; is no dsDNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
ccnoe increase at the aoncaKng temperature. Analyws of 
the products of these two amphficationsby g-al eBecarupho. 
fciHS showed a II>NA fragment of the CKptctcd saie for the 
male DNA containmg sample and im> detectable DNA 
synthesis for the contiroi sampte* 

BSSCUSSION .... 

Downstreant processes sudi as hybridiiatjon to a se- 
quetkce-ftpedfic probe can enhancs iJie spedfidty of DNA 
deccixtvai liv IPCR. The «hicio«t»Qn O^T dic^e processes' 
means that' the spedfidty of this homogeneous assay 
depends solely on ihat of PCltC In the case of sicUe<dl 
diiease, we have shown that PCR alotw: has sutfificient DNA 
sequence Bpcdficky to permit genetic screenizig. Using 
appropmie amplification conditions, there is little txon- 
spedfic production of dsDNA in the absCJkoe of tSae 
appropriate target ailde. 

The spedfidty required to detect pathogens can be 
njore or less than diat jrctjuired* to do ^netic screening 
dcpecftdingon the number of pathogens in the sample and 
the amount of other DNA chat must be talcen with t&c 
sample A difficuk target b HIV, which Tcquira detection 
of a vinU genome that can be at the level of a few coj^ 
per thoiwanda of host cclIs^ Compared with genetic 
eqreening, which is performed o» cdfa ^ontainmg at least 
one copy of tl^ target sequence, HiV :detecdon requires 
both more spedfidty at>d the input of more ^ 
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(^3CT<1 UV photography of PCR tubes CEmtaixiinfi ainptlficstions 
using iSt39r tfist are speaiic to viWkype (A) or »i<»lc CS) afides cf 
the fruuiOT p-dobin gene. The ida of <^ 
flDde-spedfic piimers to tb« wild-type afldes. the righi uibc 
priiaefs to the sacWe aXkk- The photomra;^ vijas ta&«i ajier 30 
cycles of PC^ stmA the input DhlAs aiwl the alkles^cv oontedn 
urc nMflk3t«d. Fifty ag of DNA was used to bcrin PGR. Typing 
was done tn trip^to (3 patitt oFFGls) for cadi mput DNA: 
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2000 4000 6000 
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S Contiftuous* rcaUnae monitoimg of a PCR-Afibcr £>ptk 
was wed to carrw. c^cdtation JigStt tn a K;R in progrws^ abo 
emHt£d badt to a fiuoromctcr (sec fcttpendicntal p<itOT^. 
Aniplificadon'iKUXXg^tunan malo-DNA spcofic prizpcrs an o PCR 
Star&iS wUh ^ ng of hwtnan male DNA <«<f Wl J» a <Oiatr^ 
PCR wthout PNA (hoUrtm), were monrtorcd, ThutF qdw of 
rcR were followed for each* The tcmpci^un: cycled bjwecn 
94*0 (denaturatiotn) &ad 50*0 CaniMalidg and cxtcnsicm}. Note m 
the roaie DNA PO^.the cyde (dmc) depiwaieet moeasc in 
ffiuorescCTiM at the aniieaBtrg/«3rteDat<ffi temperature. 
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DN A — up to microgram amounc^^Q order to have suf- 
6cicnt numbers of taj^gct sequences. This large amount of 
Atajling DNA itt an ampUScatkm signitkanily inacases 
tbc fc»cKgn>urtd fiuomcence over wnicb any addmonal 
fluorescence produced by PCR niust bc detected. An 
additiona] compKcatioii that occurs with targets txi tow 
copy-number is the fonxsacbn of the '"prinaer-dimer" 
arufacu This is the pcsidt of the cstendoci of one primer | 
uaiug tbc other primer 9^ a tcnxpldte, AJthough this occurs 
infrequently^ Once il occurs tlic extension product ss a 
substrate for PCk amplificationf and cam compete whh 
true IPCR targets if those targets are i^rc. Tlie primer- 
dimcr produtt w of course d$DNA and thus h a |K>tcntial 
source o£ false sigtia! vi tWs homoftcneouit aj«ay. 

To increase PCR spedfkity aad reduce the eScet of 
phmer-dixncr antplifVcadwL y^e ar« invfestlgatiag a num- 
ber of appraiBcbics, iududtng the use of nested-primer 
ainpliftcations thsti Utke place in 3^ ^n^c tubc^. the 
*liot-start*', in which nonspecific atnpUUcation is redtsced 
by raising the temperature of the reaction before DWA 
synthesis begins**. Prefiminary results usting these ap- 
proaches suggest thatprimcr-dihoCT h effectively reduced 
and it b posSbte to delect the increase in EtBr Huotes- 
oencc in a PGR instigaced by a single HIV genome m a 
background of lO* cdU. With larger nutubcrB^ of ccHs, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To. reduce ifc bacScground, il may 
be possible to use sequence^pedfic DNA-binding dyw 
that can be made toprcfcrentiaJly Wnd PGR product over 
genomic ONA by incorporating the dye-bindinjj DNA 
sequence into the PCR product uirmigh a 5' *add-on" to . 
the oligonudeotidc primer*'*. 

We nave shown that the detection of fluorescet^ce 
generated by an EtBr-contaming^PCR is straightforward, 
both once PGR is cotnpleted znd continuousDy dinrmg 
thermocycKng. The ease with which automadon of spe- 
cific DNA detection can be acccwnplished is the n>ost 
ptotnidng aspect of this assay. The Sfluoresoence analysts 
of completed PCRs is alrcadypoasiWc with cxistir^ instru- 
menution in 9G-weH format**. In tliis format, the fiuores- 
ccnoe in cadi PGR can be guantitated bcfprct after, and 
even at selected points durang therraocycSiiig by moving 
the rack of PCRs to a 96-?nicrowH plate fluorescence 
reader***. ^ , 

The instrumentation necessary to continuously momto<' 
multiple PCRs wmultancoufily is also simple in .priiadpk. 
A direct octcnstoQ of the sipparatus used here is to have 
multiple fiberopdcs transmit the csdtation light and flu- 
orwceni errussioas to and fro^n muldpte PCRs. The ability 
to monitor multapie PCRs continuously may a)low quao- 
titation of target UNA copy munbcr - Figure S shows diat 
the lai^cr the amount of starting urget DNA, the sooner 
f^iiH«i0 Pr.R a fliJorwscencG increase is detcacd. Prdimi- 
nary experiments <Higuchi and DoMinger, oianuscript in 
preparation) ^Hth continuous monitoring have *hown a 
scnsithdty to two-fold diffcrertccs in inhiaJ target DNA 
concentradon. 

Conversely, if the nutnber of target mokculcs is 
l^nown — a$ It can be in genetic screcning-TCOEitinuotis 
monitoring may provide a means pf detecting faHgc poa- 
tivc and fake negative resultik Wi^ a known numlw of 
target upolectttes, a true posidve would exhibit detectable 
fluorescence by a predictable nunrbcr of cydcs of PGR. 
Increases in fluorescence detected before or after that 
cyde would indicate poccntial artifacts. False negative 
re«uk$ due to, for escample^.inhxbidon of DNA po^er- 
ase^ may be detcacd by induding within each PGR m 
inefBciendy ampRfyijig marker. This marker rcAults in a 
fluoreficence increase only aRcr a large number of cy- 
clefi-Htnany roore than arc necessary k> decea a true 
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positive. If a sample fails to have a fluorescence incrca^ 
after this many cycks, inhibition may be suspected. Since, 
m this assay, condusions are drawn based on the presence 
i}r absebot of fluoresocmoc signal alone, sudj controls rnay 
be important. In any event oefoire any test based on this 
prindiple is ready for the dinic^ an asscsMDcnt of it^ false 
positive/false negadve rates wili need to be obtained using 
a large number of known samples. 

In jiummaT>, thie indunon ha PCR of dyes whose fluo^ 
xcscence is enhanced upon tending dsDNA makes it 
possible to detca spocific DNA amplification from outside 
die PCR tube* In the future, instruments based upon this 
prindple may fadHtate the more widespread use of PCR 
in apjHications that demand the h%h throughput of 

McmKm HLA-S^Qw gestae du^HBcsKiOM cftrntainajag IMSr, 
PCRs were «t up 'm\Ot> faS vc^imes cw^iainlng 10 mM Tris-jHa, 
pH 8.3; 50 mM KQM mM MgC^: ?3 units of Taa DNA 
potjinaerasc (Pferkin^Ehttcr Ocma, Norvalk* CT); 2O psnok eacti 
of humzn HlA-DQa gene KM:dfic oligonudeodde primers 
(iH2B and and approwinaldy W copies of DQ^ PGR 

product diihrted fn>m a previous reaction. Ethkliuin bromide 
feRr; SigtttA) was tised at tbe concentrafionB mdicaied in figure 
2* Thermocyding proceeded for 20 cvcles in a modd 4«0 
aicmwcydcr (TPerlthv^WCr Ccma, hionflWk, CT) uanfej 
cydc" program of 94*C for 1 min- dcnaturation and 6(rG wW 
sccantKaW and T^C for 30 Dcc. eiiension. 

Y-^iroiiz309omc isffsdfic FCSU ()00 ^ total rcaoion 

\xdunve) containing K*i hC''^* prepared as desCTit^ 

Cor HOJV-DQar except viBi diflercnt primes and target DNAs. 
The^e PCRs cont^ficd 1 5 pmole cadi male DN A-spccinc pri<nen 
ri. J and aiid either 60 ng male, €0 tlgfwwte, 2 ng to^ 

or iBo human DNA. Thcrroocyding t^isMX^Tpf I min- and SOX: 
for Jl mtn unns a "rtcp-cyde* program. Tbc number orcydes for 
a sam}^ vere as indicated in fffgui^? 3. nuoresoencc measure- 
ment la d^^scribed bctow. , 

A11c5b*«bcceI&c^ fctnmQffl i^-gioEWn gro* POa. Ampbftcauons of 
100 fil vc^vtnx! a^sing 0 5 jnfiAnl of ilBr were prcjKired aj 
described for HLA-©Qqi above except with diffcrcni primers ano 
target DNAb, These PCRs cotitwfted ^iiW. primer pair HOPS/ 
HdHA <wiW-eype giol^« «p«ifilc primes) or MOmipi4S <sjdte- 
Ic-giobin speafic primers) at HO pmole *i»ch pnmcr per FCR, 
•Hwse priiScr^ w5c developed by Wu et aL«. Three diffcrei^ 
ucgei DNAit *¥€rc taacd m separate ampUficatjona— 60 ng cacti ot 
human DNA that was honrnxygous for the sfcHlc trait (5S}, DNA 
that was heterozTgous for the «idU€ t«Wt <AS\ or DNA that wsu 



hooKWygow fw*e w.t- gloWn (M) Thcrmocycfaig was fnr^ 
cycles at for 1 min. und SS'^C for 1 min- itim| "5rtep<:jrcte 
program. An annesOtng t*mpciature of 55X h*d hccn shown 
Wo et aL«^ to provide dldc^podfic atpplitouon^^omplctrd 
PCRs were phmngTa^ted through a red VSi^vX?^'^-M^L 
after plsdng' die reac&m tubts amp a n>odel TM*36 traneiHutJfti- 
nator (UV-products 5af» C»abrtd, CA). 

yhaoreseewe ssBeasnramessi. Flworesoeutoc mcasurcraenis were 
mad^ Oh PCRs coniBining EtBr in a niiorolog-2 auoromcter 
fSFEX Edison, NJ). ^Ijccitadon was at the 500 jjin band with 
ihout 2 nm band^ith with « fiO 4W ^^^^-^.^^il^ 
Grist. Inc. Indne. CA) to C'^ctudc Kx»nd-jj^^ 
aght was dcteaed at 5^0 nm vridia bartdvfsdtb of about 7 nm- A" 
Cfc 630 urn cutH>ff|i}tcr was used to renwve thcacataiftoti hgjst 
Con&itK&OttA jttiMwasaastce BEonateiaiig of IPCR, Contmo^^ 
monitoring of a PCR in progress s«sacoom^sb^ "Zv^^t 
spcctrofiuSromeicr and sctdnga dcOTa>od above as asa 
&ptic kcessory <SPZX cat no. 1^50) «ob<«b send ^<^^ 
fight tS, aod tecd%4 emmed light from, a PCR placed m a wcU ol 
a model 480 iJiowc^cr (Peritm-Elmer Celus). The probe end 
of the Rberoptcc cable was attadied with "5 rrnnute-epojy' to ijte 
open top of a PCR tobc (a 0^ ml poiypropyteic centrift«c txibe 
vAih hs "cap removed) d5eaive|y it. Tfe e^pcsedloP ^ 

the PCR tube ana the end of the fiberopuc cJiWe were sh>cWcd 
from room light and die roott lights were kept dimmed dwrmg 
each ruxi. The maniuMced PGR was an Bi»pttfi<au<Wi of V-dJ^o- 
mosdmc^pcdfic repeat scqueuces aia descnb^cbove, c»<cpi 
usiDff .9n anncaHngfatension leroperauirc of SOx:. The tpcpon 
was %ytnd wirfi "nnineftJ oil C2 drops) to p«r^t evaporaaon 
lljcrnjocydinrand ftuorcsocncc rocasucemcnt started si- 
TOultancously, A tinve-basc scati with a lO second integratiOii tnnc 
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^^AH ufed and ihc enilssion signal was ratiocd to' tbc CKCitaticxo 
MgiwJ ccwitrol ioc ch9n^c«» Ift li^ht-swircc intcnHity. 0^0% were 
OtSlcctcd using the dra3w0f, version (SPEX) data systcm- 

Wc ^tw^nJc Kob Joncfi for help with (Eh« S{Mctrofluormctrtc 
iiK»fl5UremcrUj ;«nd Hcalhcrbetf Fony for cdhin^ this maniucript 

1, Mttllifl. K., Fafootuk; F.. Schar^ 5,, SaBO, R.. Hwi, G, xnd Exfidk. 
)f«lfi. Spfsdfic m^ymatic «tnt?l^cntipn rtf DKA m vitn: The potynier- 
asc ctinm rcaatotu CSH5QB 51:26S-273, 

2, Whrtt', T. j., Arnhcim, N. Awl H. A. ISfiSL The patyroGTBOC 
^kaln redcskm. Trends GcneL 5sl8fi-l$9. 

3, Ertkh, R A., Cclfend. D. and ^roroky, J J. 139 J. Recent odvAnco in 
t^e poljiAerasB rtoin rezctitMs. Sdenc? 3^9^1643-1651. 

HoTQ. G. Tm MuIDs^ R. B. ;$nd Ejrticht A. IdSS. Fnmer-diTcaed 

M«. Socnce 239',4^1~i0h 
1$. Saifcj. R,. K., yreish, P. Sm LpvensQVT, C. H. and £f%ti, A. 1989. 

Ccnctk ooalnLt vf amplified DNA \ddk bnn»Qb1i2cd.s«aweaa>-spc^^ 

i^ffD^nudnotxEc pmiio. Free N^- ACPtd. Sd. USA ££:62S0-6234. 
0, Kt^k. S. y.. MacL a H.. MuBifl. X. fi^ r<wc¥Z. B J., Ehxfkiv C 0^ 

RJoir. D, AXtd Fhedaiuiifr'Kicnt A. 5. I9Q7. M^nrifr^twrn of binnan 

BnunuuodeEtaency nrttf «oqu£Qeeft t;r uttng^ vUro enzvniaik 

fkaciQA nod cUgomer destvage dcocOKXU J. Vlrd SliJ^d^-lGSK. 
V. ChchftUi F. F, DcAcny. Ctet S. P„ Kan, Y. W., Coopci, S. and 

RubSn, IL M. 1987. 2>ctcdiob of ikAlc ccQ ancmta and diabflUTtnUL 

KdtvifTr 829:299-294. 
6. Horn* C. T.. tUdur^ and Sfit^jer. tL W. kdS9. Amplificauon <»f d 

highly polyniorphk VNTA KgmciU ^'tbc po»jfmCra*6 thsan rc9c«joa- 

Ni2C Acclb R«s. I6x?r40. 
9. Knu, E. X}. uvtA Don^« M. W. IS90. 3Kaptd«xkA]y${fl and piirifMkm of 

peHymctax chain ncoctioii-produai) .bvlt?g9>.pcrronnaiioc ]^td cbro- 

JO. HdfKT, b. Cohen. A. S. and 3. U 1990. Scpara^ of 

DMA rftKHctiion ffagmcnu hy fitgb pcrforfnaBo: ckpRvy dlcctroptao- 
rcflb whh lotT imd zero crtwsDnCtd poJpcrykimidc Ooitig eoMinumss 
Mtd pvlficd dftitk flddjL j. Cdh rotnaio^. Bl&33-^ 

11. Rtgo^ s, Y. 2ind Higucbt* &. C )969. Avocdm^ fah6 pdiitfnut with 
rCR. Nfiiut« 8d9i337-S38- 

IS, Ctichoh, P. F. cumS Kao, Y. W. 198^ 0ccccdoik «jf spcdfe: DNA 
9mucikQ(» hy- Utiorcscmcc AmpSUiatMta: a oobr ccmpteoicaiaikm 
Etffioy, rm. N^t]. Acad: Sd. U$A ^i9]7^182. 

IS. KoORftd, P.M, Ahnmwon, R. P., Vaii<m. K. and Oetfapd, D. H, 



1991 



« Dctectkio of specific pdlymcr<tsc chaia reaoioti produa bv 



16- 



folynt^, Pkjc Nad. Aoid- 5d. USA tej7276-72$o?^'^ 
J^L MarJa>vUs,J., fiUMpicfl« B. f.and U few), J. B. 1979, EAidium diiaer 

AtwI. BiTCfian. 94:259^. 
tS. KapwKirtsBu, J. and Sacr, 1979. ImciTtctJons of 4'^iatn£4ijjc.2. 
I^TOiyJhidoIc vfifh oyodicck polynudcoddtit. Nuc Acid? 

16. 5e»1e, M- S, sndl Embrcy, K. J. 1990. Sec^ueTiccfpeafic ttnc»ictkni of 
Hoeocht 33258 wifb i6i6 mmoF groove of aii *<*cnt»ic-tT*a^MA 
* NMRsjwctrOW<^. l^«e. A(id« 

ATnhcnn, K. 1288. AtnpJfficaiiOD £Ukd anafyvd of D?iA snqtioieej in 
4fU(le humar? xmiTD aod dipImtS oeth. NatuTR ^lSi41^^|7 
At*ott» FoScTt*, B. J.. Bynte« B. C, Kitfttl, S. SniteW t r 
aiacdJErfiduKLA- 1988. BivyipntK- gcDC ampIifkadoD: quaUtiiivi aad 
guaouc&tihrt locthotXs for dctmio^ piDvir^i DKA etopSfied dn viito I 
fafect. Kff. IS&I 156- 

Sijad, a. Bngawaj, T. U, Horn, Ci- MiiBiK K_B. Erffch 
H, A^ 198G. AnalyRs of cnzymoCiadly j^mt)>Hrrst p-^cM^ and mXl 
' St^^L tJNA «rwfi aad«-ft|:£dfit oBgvuwdcotidc pv^sbca^ Nzitinv- 
9S4rlfiS-l^ 

20. ISqc^ & Cm JBoHetty, W- atnd Ctocbicr; J. J987. Ab Imbraied 

21. t^tt, CVm UgttttiK, U Ftrf, B.^. and Wallace, QL». I9a$. Allcie- 
apoclik enryj^iiic araplificatioo of ^^gtoSnn seDo&ic A An- dbff- 
nosb of filmic ttti azscnua. Acad. U^SA ^:2757-^7S' 

28. K^hi, ^, KctkjCT» D. Eh McRittttcy. S^ask, D„ Goda. U l^^l 
«m,.<^ and Sd^y. J. J. 1990. EJB&!cU cf priincr-tcqi^trtt mfematrficft 
on xhe pohmr^ dniin reaction: Hunmn hbttuDodcficf^Mv virus 
lyvt \ ipodd fcwfica. Wtc. Add* |8:599-J00£, ' 

S3. Chou, Q., ftAi^KO. M.. Bir^ D., Raymond; J, itnd Bloch, 1^. 199^ 

proTita tcvT'tiuy-.fnioibcr acBmsficacions'. Sut^naet^d. 

TrauMsogy. In, A. Exvcn (£0.}. Siotaion rr^ssr Mew V^rL )j y 

25, lHaft; U At*«a>d; II>tCc«M^. J„ Kiitz» Kcottji, E., Wilfiamit 
J. F. aitd WojKtattW T. 1991. A hl^h^iftrfoTa^^^ 
avtQ9F?fitkn of the polwfaierase chnoi rcscbtm. BiotccSuuaiie* iAt.109 
105. I^MX. --f-ajwiflz- 

26. TupiOM, N. JUfid ZCalofs 1999. FluorescciU. ElA sciee&nur of 
mOAOdbnal ant^odko to CcU surflaoe antfeem. J. IiimtunbM. 
B1«J59^5. • , 




IMMUNO BIOLOGICAL LABOBATORjES 



Trauma, 





The CD-14 nrolecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopolysaccharide 
{LPS) complexed to LPS-Sinding-ProTein (LBP). "me 
concenirallon of te soluble form is aftered under 
certain patlTologtoal corKiitioas. There is evidence for 
an important rate of sCD-14.with pofytraurria. sept's, 
burning$ and kiflamrrotions. 
During septic coTdflions and acute infections ii seems 
to be a prognostic marker -arKl is therefore of vaft^ in 
monfroring these patients. 



\BL rffers an EUSA tor quantitative determir?ation o{ 

soluble CD-14 in huron serum, -plasma, cell-cutlure 

supernatants and ofrier biological fluids. 

Assay features: 12x8 determinations 
(microBter strips), 
precoated with a specific 
monoctona) antibody, 
2x1 hourinoubation, 
standard range: 3-96 ng/ml 
detectior) limit: 1 ng/ml 
CV:intra- arKi inierassay < 8% 



for more inforrmtlion csdll m fsuc. 



GeSELLSCHAFT FUR IMMUNCHEMIE UND -BIOLOGIE MBH 

OSTERSTRASSE 86 - D - 2000 HAMBURG 20 - GERMANY - TEL. +40/491 00 61-64 • FAX + 40 /40 11 98 
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